bridge, drew our attention in 1948 to a fructosan polysaccharide (levan) prepared from Italian rye grass. It is readily soluble in cold water, yields levulose on acid hydrolysis and is not metabolized. At that time, the fructosan was believed to be a homogeneous substance with a molecular weight somewhat greater than that of inulin, so that the suggestion was made that it might replace inulin in the measurement of glomerular filtration rate. It has since (see below) been shown to be inhomogeneous. Samples of blood and urine were collected at intervals, at first of five and 10 minutes and then at longer intervals over four to six hours. Plasma concentrations were calculated by interpolation to the mid point of each period of urine collection from a semilogarithmic graph of the determined concentrations, and these estimates were used in the calculation of plasma clearances.
Dr. D. J. Bell, Biochemical Laboratory, Cambridge, drew our attention in 1948 to a fructosan polysaccharide (levan) prepared from Italian rye grass. It is readily soluble in cold water, yields levulose on acid hydrolysis and is not metabolized. At that time, the fructosan was believed to be a homogeneous substance with a molecular weight somewhat greater than that of inulin, so that the suggestion was made that it might replace inulin in the measurement of glomerular filtration rate. It has since (see below) been shown to be inhomogeneous. Thus, this report deals with the excretion characteristics of this dispersed polymer in normal unanesthetized dogs and in normal and abnormal human subjects. METHODS 
Preparation of the grass polysaccharide
The polysaccharide was isolated from a pure strain of (2) . Preparation of suitable protein-free plasma filtrates was at first difficult. Recoveries of the material from filtrates prepared by the use of cadmium sulfate and sodium hydroxide or of barium hydroxide and zinc sulfate were irregularly incomplete, ranging between 80 and 100 per cent. The Folin Wu method was not satisfactory in other respects. We turned to the acid zinc sulfate sodium hydroxide method of Somogyi (3); 100 ml. of acid zinc reagent were diluted to 212 ml. with water. This gave satisfactory recoveries at plasma dilutions of [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] (b) Continuous infusion method: A small plastic catheter was placed in the femoral vein and 30 ml. of priming solution, containing usually 1 gm. each of polysaccharide and creatinine and 4 gm. of mannitol, were injected rapidly. This was followed by a sustaining solution containing saline and given at a rate of about 1 ml. per minute. The bladder was rinsed with saline 15 minutes after completion of the priming injection; this was noted as zero time. Urine samples were collected at intervals of 10 to 15 minutes and combined with the saline bladder rinses (30-50 ml.). Samples of venous blood were collected near the mid points of each urine collection. This routine was varied in detail (concentration of polysaccharide, rate of infusion and intervals of collection) in some experiments. 4 . Clearance techniques in human subjects
The methods, except for addition of polysaccharide to the priming and sustaining media in amounts of 3 and 5 gm., respectively, are those described elsewhere (4) for the determination of plasma clearances of mannitol (Cm) and p-aminohippurate (CPAR). Some of the observations in patients include only the three periods of urine collection used in the measurement of PAH clearance at low plasma levels. PAH was omitted from most of the infusions used in normal subjects. (6) . Thus, the polysaccharide we used is probably less homogeneous than dahlia inulin, to which it is similar in most of its properties; and its molecular weight is not very different.
In spite of these similarities, the clearance of this polysaccharide is notably different from that of inulin in the dog, in which creatinine and inulin clearance rates are identical. The ratio Cp/ Ccr in the dog is always less than unity and decreases as the experiment is prolonged. This inequality of Cp and Car can hardly be attributed to tubular reabsorption of this inulin-like polysaccharide; the clearance ratio is independent of the direction of change in, or absolute level of plasma polysaccharide concentration and also of urine flow. Rather it seems that the polysaccharide mixture is, in part, not freely filterable through the glomerular capillaries. The decrease in the ratio with time can then be explained by assuming that some part of the polysaccharide mixture is perhaps filtered as freely as inulin, while another part can escape through perhaps only 20 per cent of the glomerular surface.
This assumption is based on the concept of glomerular porosity proposed by Yuile (7), and his demonstration that hemoglobin (molecular weight 68,000) in dogs passes through 3 per cent of the glomerular surface and myoglobin (molecular weight 16,400) through 20 per cent (8) . Similarly, Marshall and Deutsch (9) have shown recently a rough correspondence between the molecular size of proteins and their clearances relative to creatinine in dogs. They also point out the importance of molecular asymmetry as a determinant of filterability. Thus, in dogs, ovomucoid (molecular weight 27,000) and ovalbumin (molecular weight 44,000) are cleared at similar rates. In human subjects, the passage of hemoglobin through the glomerulus has been estimated as occurring through 3 per cent (10) or 12 per cent (11) of the glomerular surface.
Lack of complete correspondence between molecular weight of proteins and their glomerular filterability seems to hold for fructosans. Taking Palmer's estimates of molecular weight, the freely filterable inulin is heavier than any fraction of the grass polysaccharide. Alternatively, using Ogston's estimates, and assuming the molecular weight of inulin to be 5,100, it seems that inulin is close to the limit of filterability through the dog's glomerulus, and that part of the polysaccharide exceeds this limit. On either basis, lack of complete filterability may result from inhomogeneity of the polysaccharide as to weight, diameter and charge or from differences in elongation of the molecules. The observations in normal human subjects indicate that the clearance of the grass polysaccharide is substantially at the level of glomerular filtration, from which it seems that the human glomerulus is somewhat less retentive than that of the dog. Cp/CM. We can therefore admit the assumption that the ratio Cp/CM is a measure of glomerular function and that depression of this ratio is evidence of a glomerular abnormality which can be characterized as a decrease in glomerular porosity to molecules with the physical characteristics of the polysaccharide.
The rates of proteinuria in our patients with hypertensive and primarily glomerular renal disease show a significant inverse correlation with the function Cp/Cm. Hence, on the above assumption, the proteinuria is more probably due to glomerular than tubular disorder. It is paradoxical that passage of plasma protein through the glomerulus should seem to increase as porosity to polysaccharide (molecular weight less than 10,-000) decreases. The explanation may lie in the physical characteristics of the substances. Thus, Brandt, Frank, and Lichtman (10) found that glomerular porosity to hemoglobin is not increased in proteinuric patients but may be decreased. The mechanism of a decreased porosity to molecules normally partially or wholly filterable, such as polysaccharide and hemoglobin, in the presence of increased proteinuria can perhaps be visualized if one likens the passage of the filterable molecules as akin to true filtration, and the escape of plasma protein as a leak in a filtering surface.
SUMMARY
Renal plasma clearances of a polysaccharide isolated from Italian rye grass with a mean molecular weight of about 5,400 were measured in dogs and human beings. The observations in dogs indicated that the material was not all freely filterable through the glomerulus. The ratio of polysaccharide clearance (Cp) to creatinine clearance (Ccr) was less than unity and decreased in successive clearance periods, apparently because of the more rapid excretion of the more filterable component(s) of the polysaccharide.
In contrast, in normal human beings, the ratio of Cp to mannitol clearance (Cm) averaged 1.1, indicating that the polysaccharide was freely filterable with a renal clearance equal to that of inulin. The normal human glomerulus is apparently a less retentive filter than that of dogs.
Observations in patients with hypertensive disease yielded a mean Cp/Cm of 0.98, indicating that about 10 per cent of the residual glomerular bed had become impermeable to the polysaccharide, while still permeable to mannitol. In patients with primary glomerular disease still lower ratios were found. These were interpreted as resulting from decreased glomerular porosity and were considered to confirm by functional means, the severe anatomical changes which would be found in the glomerular capillaries in these conditions.
Assuming the ratio Cp/Cm to be a measure of relative glomerular porosity, glomerular porosity is found to decrease as proteinuria increases in hypertensive and primary glomerular renal disease. From this it seems to follow that the mechanism of such proteinuria is more probably glomerular than tubular.
